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Abstract  
High-tech minerals are key raw materials in national strategic emerging industries. Waste mobile 
phones contain a variety of high-tech minerals. With rapid economic development and 
improvements in living standards, mobile phones are becoming one of the most commonly used 
electronic devices among all electrical and electronic products. Since 2004, China has been the 
world’s largest mobile phone-producing and phone-consuming country, and correspondingly, it 
has generated excessive waste. In this paper, the dynamic material flow method and the Weibull 
distribution are used to analyze the quantity of waste mobile phones generated and the quantities 
of the high-tech minerals they contain based on the differentiation between feature phones and 
smartphones. Additionally, future trends regarding high-tech minerals in waste mobile phones are 
predicted using a market supply A model. Our research results show an increasing trend of waste 
mobile phone generation, indicating that a considerable amount of the high-tech minerals they 
contain can be recycled. Finally, the following recommendations were proposed to further 
improve the management and development system of waste mobile phones in China: the 
development of a high-tech mineral data base is urgent; policies should be formulated and 
implemented by governments to improve the overall waste management system; the ecological 
design of products should be improved by manufacturers; dismantling and refining technologies 
should be enhanced by recycling companies to improve the recycling rate; and the public 
awareness of recycling should be strengthened. 
 
Key words: waste mobile phone; high-tech mineral; material flow; availability analysis 
Abbreviations: MFA: Material Flow Analysis; EU: European Union; SFA: Substance Flow 
Analysis; WEEE: Waste Electrical and Electronic Equipment; 
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1. Introduction 
High-tech minerals are mainly used to produce sophisticated high-tech or environmental 
protection products under low carbon economy conditions (Zhang and Zhang, 2011). The stocks 
of these high-tech minerals on Earth are limited, and it is generally difficult to extract them from 
natural virgin ore due to technical and economic limitations. In particular, high-tech minerals, 
described by Huston (2014) as “new age metals” or “energy metals,” play an important role in the 
new energy industry (Fthenakis, 2009). High-tech minerals are key raw materials in emerging 
strategic industries in China. The sustainable supply of high-tech minerals is a prerequisite for the 
national strategies of China. High-tech minerals are not abundant in the Earth’s crust, with the 
majority produced mainly or solely as byproducts of the extraction of major elements such as Cu, 
Al, Zn, etc. The low relative value of byproducts compared with the main products give them little 
influence on economic decisions during mining operations, as they directly depend on the main 
product supply, which determines their production levels (Frenzel et al., 2015). In the long term, 
the supply risk of high-tech minerals will increase and the mismatch between supply and demand 
will intensify with the mining and processing of major industrial minerals and then gradually 
decline after demand reaches its peak. 
With rapid economic development and improvements in living standards, increasing 
quantities of natural resources have been produced, consumed and accumulated in electronic and 
electrical products, it has generating a growing volume of urban minerals. Moreover, with its 
acceleration of industrialization and urbanization, China has been the world’s largest mobile 
phone-producing and phone-consuming country since 2004. Mobile phone subscriptions in China 
number more than 1.3 billion of the world’s 7.08 billion (ITU, 2015). Various high-tech minerals 
are stored in waste mobile phones in China. Specifically, the main high-tech minerals contained in 
waste feature phones are cobalt and palladium, while waste smartphones mainly contain cobalt, 
palladium, neodymium, praseodymium, beryllium, antimony, and platinum (Cucchiella et al., 
2015). Among these metals, cobalt, palladium and platinum are scarce resources in China, while 
beryllium and antimony are abundant, although China’s advantage in these resources is fading 
because of overexploitation. Neodymium and praseodymium are in strong and growing demand. 
Thus, waste mobile phones are becoming a crucial reservoir for critical high-tech urban minerals. 
Research on waste mobile phones has mainly focused on the generation of such phones and 
the minerals they contain. In research on waste mobile phone generation, models typically employ 
the material flow analysis (MFA) method, the market supply method, the market supply A method, 
the consumption and use approach, or the sales and update method (Li et al., 2015b; Ikhlayel, 
2016). Yu (2010), using the MFA method, estimated that approximately 77 million units of waste 
mobile phones were generated in China in 2008. Liao (2012) estimated and compared the quantity 
of waste mobile phones from 2005 to 2010 in China based on a combination of the market supply 
method, the time gradient model, and the consumption and use approach. Li (2015a) estimated the 
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quantity of waste mobile phones in China using the market supply A method, the consumption and 
use approach and the sales and update method. Additionally, comparative analyses of estimation 
results have been performed. Li (2015b) conducted a comparative study of methodologies aiming 
to reliably estimate the number of retired mobile phones in China. The research compared the 
results obtained based on the market supply A model, the MFA method and the consumption and 
use approach. It is critical to choose a proper approach and reliable data to attain reliable 
estimation results to support the sustainable management of retired mobile phones.  
In research focusing on minerals contained in mobile phones, the market supply A model, the 
delay model and the substance flow analysis (SFA) method are commonly adopted. Gao (2010) 
applied the market supply A model in estimating the volume of waste mobile phone generation 
and the minerals contained therein that can potentially be recycled in China from 2010 to 2020. 
Polak and Drapalova (2012), using a delay model, estimated that within the next 10 years, 
approximately 1.3 billion end of life mobile phones will be available for recycling in the EU, with 
such phones containing approximately 31 tons of gold and 325 tons of silver. Guo and Yan (2017) 
estimated the quantity of obsolete cellular phones generated and the common metals contained in 
them from 1997 to 2025 in China using the SFA method. Liu (2017) assessed the waste produced 
from recycling mobile phones in China and examined the influence of the waste that is released 
into the environment. Xuan (2017) explored such potential through modeling in-use stocks and 
spatial distributions of metal resources in household electronic devices based on household survey 
data, using Australia as a case study. 
Although research has sought to estimate the amounts of minerals contained in waste mobile 
phones, research on the present and future availability of high-tech minerals contained in waste 
mobile phones, which are critical to the development of national strategic emerging industries, has 
been limited. Moreover, previous research is characterized by methodology with limitations. 
Previous studies have employed different methods to estimate the generation of waste mobile 
phones and the common minerals contained in them, with feature phones and smartphones treated 
as a single category. Ignoring differences in types of high-tech minerals, grade and resource 
availability among different types of mobile phones decreases the reliability of the results. 
Furthermore, the sales of mobile phones examined in previous research are usually sourced from 
national statistical data, thus excluding smuggled mobile phones and counterfeit mobile phones. 
However, in reality, smuggled mobile phones and counterfeit mobile phones account for a large 
portion of total sales. Setting the end of China’s 16th Five-Year Plan (2031-2035) as a research 
time boundary, this study analyzes the generation of waste mobile phones and the high-tech 
minerals contained in them in China from 1987 to 2035, taking into account smuggled mobile 
phones and counterfeit mobile phones and the characteristics of different types of mobile phones.  
The results provide informative support for the recycling of high-tech minerals from waste mobile 
phones to achieve a sustainable supply of high-tech minerals and thus the stable development of 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT


emerging industries in China. The results of this research can also provide a reference for other 
industrialized countries in the world. 
2. Materials and methods 
2.1 Concept definition 
In this paper, waste mobile phones refer to mobile phones that have completed their service 
to consumers, have fully left the telecommunication network system and will not be reused in the 
future. The product life cycle encompasses the full “cradle to grave” process and the entire market 
life process from initial entry into the market through final exit from the final goods market. 
“Lifespan” has various definitions, including “possession lifespan,” “total lifespan,” and “service 
lifespan” (Murakami et al., 2010; Oguchi et al., 2010). In this paper, average service years are 
considered as the mobile phone lifespan.  
High-tech minerals, according to the definition listed by the Key Laboratory of Strategic 
Studies, Ministry of Land and Resources in China, comprise the following rare earth metals 
(including 17 elements): tungsten, antimony, lithium, gallium, germanium, beryllium, magnesium, 
indium, bismuth, strontium, vanadium, scandium, boron, barium, titanium, cadmium, 
molybdenum, platinum group metals (platinum, palladium, and ruthenium, in particular), cobalt, 
niobium, tantalum, zirconium, hafnium, tellurium, rubidium, cesium, chromium, rhenium, 
selenium, thallium, uranium and thorium. 
Mineral resource availability refers to the resource reserves of a mineral that can be provided 
to society. This value is usually estimated through a particular technical and economic assessment 
system based on geological conditions, technology and economic factors pertaining to mineral 
deposits or mines (Lu and Xie, 2009). Mineral resource availability is a dynamic, comprehensive 
and systematic concept that varies when marginal conditions change. In this study, the high-tech 
mineral resource availability refers to the social stocks of high-tech urban minerals.  
2.2 System boundary 
The system boundary of the material flow process of waste mobile phones in China is shown 
in Figure 1. 
Domestic mobile 
phone sales
Waste mobile 
phone
Urban minerals 
contained in 
waste mobile  
phones
Feature phone
Smartphone
Domestic mobile 
phone production
Use
High-tech 
minerals outputImport Export
ImportExportHigh-tech 
minerals input
System boundary
Fig.1. System boundary of material flow process of waste mobile phones in China 
 
Two types of mobile phones—feature phones and smartphones—are found in the Chinese 
market. The types and content of high-tech minerals contained in feature phones and smartphones 
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are quite different. 
High-tech minerals enter the production process of mobile phones as raw materials after 
being mined and refined. Mobile phones are then sold and used by consumers for a certain time 
period and finally scrapped when they are out of use. The high-tech minerals these phones contain 
can be recycled as secondary resources to reenter the manufacturing stage. 
2.3 Lifespan distribution of mobile phones 
2.3.1 Estimation of the quantity of waste mobile phones generated 
The Weibull distribution, a probabilistic distribution, has been used to model the product 
lifespan by the Nordic Council of Ministers (2009), Tasaki et al., (2004), Oguchi et al., (2008) and 
Walk, (2009). This distribution is also widely used to define the lifetime of electrical and 
electronic products in estimating WEEE generation (Balde et al., 2015; Elshkaki., 2005; 
Kalmykova et al., 2015; Polak and Drapalova, 2012; Zeng et al., 2015; Zhang et al., 2012). In the 
present study, the double-parameter Weibull distribution is used to analyze the lifespan 
distribution of mobile phones with Minitab 17.0. 
The distribution function F(t) and the probability density function f(t) of the 
double-parameter Weibull distribution can be expressed in Equations (1), (2), and (3): 
                   ( )( )( ) 1 expF t t βγ ω = − − −
 
                   （?（? 
where ω is a scale parameter, β is a shape parameter, and γ is a location parameter. In our 
study, γ=0. Therefore,  
                  
F(t)=1 exp ( )t β
ω
 
− −                            （?（?
                  
1f ( ) ( )( ) exp ( )t tt β ββ
ω ω ω
−
 
= ⋅ −                     （?（?
0, 0t β≥ > 
where f(n) refers to the rate of scrap generation in year n, and F(n) is the cumulative rate of 
scrap generation in year n. The probability of scrap generation throughout year n, F’(n), can be 
derived from F(n) to F(n−1): 
                ( )' 1n exp[ ( ) ] exp[ ( ) ]n nF β β
ω ω
−
= − − −                   （?（? 
The quantity of waste mobile phones generated in year n, denoted by P(n), can be calculated 
using S(t) and F’(n), that is, the total quantity of mobile phones entering the market in year t and 
the probability of scrap generation throughout year n, respectively. 
P (1) = S (0) ⋅ F’ (1) 
P (2) = S (0) ⋅ F’ (2) + S (1) ⋅ F’ (1) 
P (3) = S (0) ⋅ F’ (3) + S (1) ⋅ F’ (2) + S (2) ⋅ F’ (1) 
. 
. 
Given the above, we adapt Equation (5) as follows: 
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where P(n) represents the cumulative generation of waste mobile phones. 
2.3.2 Estimation of the social stock of high-tech minerals 
 The amount of high-tech minerals contained in waste mobile phones is given by Equation 
(6), referring to previous relevant studies (Cucchiella et al., 2015):  
                ( ) ( ) ( )n-1i 't i i
t=0
=P n = tG p S F n t p⋅ ⋅ − ⋅∑                    
where itG  represents the quantity of high-tech minerals I generated in year t, and i indicates the 
category of high-tech minerals, P(n) is the quantity of waste mobile phones in year n, and pi is the 
content of high-tech minerals i in each mobile phone. 
2.3.3 Future trends of waste mobile phones and the social stock of high-tech minerals 
In this study, the market supply method is used to estimate the future generation of waste 
mobile phones. This estimation can be expressed by Equation (7) as follows: 
                 
1
( ) { ( ) ( )}
t
i
t S t i f iP
∧
=
= − ⋅∑                        
where ( )tP
∧
 indicates the future generation of waste mobile phones in year t, S(t-i) 
represents sales of mobile phones in year (t-i), and f(i) is the lifespan distribution function. 
The future volume of high-tech minerals contained in waste mobile phones is expressed in 
Equation (8): 
i
1
( ) { ( ) ( )}
t
t i i
i
t S t i f ip pG P
∧ ∧
=
= ⋅ = − ⋅ ⋅∑                
where itG
∧
 represents the amount of high-tech mineral i contained in waste mobile phones in 
year t, and pi is the content of high-tech mineral i in each mobile phone. 
2.4 Data collection and calculation 
In this study, data and information came primarily from published academic literature, reports, 
industry association annals, product descriptions, etc. The shipment of mobile phones is used as a 
proxy for sales based on the assumption that “all mobile phones will be sold every year”. Mobile 
phones manufactured before 2000 are treated as feature phones because smartphones began to be 
widely used in China only after 2000 (Chen., 1999). Information on the shipment of mobile 
phones comes from annual reports released by the International Data Corporation (IDC, 
2000-2016). Average lifetime data comes from previous academic literature, research reports and 
product descriptions (Guo and Yan, 2017; Yu et al., 2010; Xu et al.,2016; Yin et al., 2014; Eugster 
et al., 2007; Li et al., 2015c; Gao et al., 2010). Information on the high-tech mineral composition 
of mobile phones comes from Cucchiella et al. (2015). All data in this paper are for mainland 
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China and do not include Hong Kong, Macao or Taiwan. 
Since the commercial mobile telecommunication networks were established in 1987, there 
have always been a great many smuggled mobile phones in China due to China’s special 
consumption structure and high tax rate (Li et al., 2015c). In addition, counterfeit mobile phones, 
called “shanzhai (山?山5)” in Chinese, emerged and have increased rapidly in China since 2004. 
Shipments or sales of smuggled and counterfeit mobile phones are both excluded from the official 
statistical data. In this paper, the sales of mobile phones combined with smuggled and counterfeit 
phones are estimated. According to previous studies (Guo and Yan., 2017; Li et al., 2015b), sales 
of smuggled mobile phones are approximately 15% of sales of legal mobile phones in a given 
period. Sales of counterfeit mobile phones from 2004 to 2016 were 7.52%, 10%, 10.4%, 19.6%, 
24.2%, 24.8%, 23.7%, 15%, 10%, 8.94%, 8.10%, 5.79%, and 5.05%, respectively, of sales of legal 
mobile phones during the same period.  
In predicting the sales of mobile phones from 2017 to 2035, different types of mobile phones 
show distinct trends. For the feature phones, since the feature phones in China is facing a future 
downward trend and we assumed that it will eventually disappearing in the future Chinese mobile 
phone market, thus to the best of our knowledge, we utilized the past evolving trend as a reference 
and the average annual growth rate for the past 6 years (-31.69%) was adopted (Eugster et al., 
2007). With regard to smartphones, according to research by the State Key Lab of Environmental 
Planning and Policy Simulation, Chinese Academy for Environmental Planning, the annual 
growth rate of smartphones during the period of China’s 13th Five-Year Plan (2016-2020) is 
approximately 6%, with an annual 1% decline per year, and for the end of China’s 16th Five-Year 
Plan (2031-2035), the decline is predicted to be approximately 3% (Zhang et al., 2013). 
Meanwhile, the sales of smuggled and counterfeit mobile phones are assumed to be 15% and 5% 
of sales of legal mobile phones, respectively, as adopted by previous survey results (Guo and Yan 
2017; Li et al., 2015b). 
Adjusted sales of mobile phones are shown in Figure 2.
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Fig. 2. Adjusted sales number and future trends of feature phones and smartphones in 1987-2035 
 
The shape (ω) and scale (β) parameters of the Weibull distribution were estimated using 
Minitab 17.0 based on lifetime information from existing studies (Li et al., 2015a; Liao et al., 
2012; Yu et al., 2010; Guo and Yan., 2017; Park et al., 2011; Xu et al., 2016; Gao et al., 2010). 
Details of the lifetime distribution of mobile phones are shown in Table 1 and Figure 3.  
 
Table 1 Parameters and function formulas of the lifetime distribution for different mobile phone categories 
 
Mobile Phone Categories Parameter Function Formula 
Feature phone β=2.19  ω=3.96 f(t)=(2.19/3.96)(t/3.96)2.19-1exp[-(t/3.96)2.19] F(t)=1-exp[-(t/3.96) 2.19] 
Smartphone β=2.45  ω=2.83 f(t)=(2.45/2.83)(t/2.83)2.45-1exp[-(t/2.83)2.45] F(t)=1-exp[-(t/2.83) 2.45] 
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Fig. 3. Lifespan distribution of feature phones and smartphones 
 
The major high-tech minerals contained in feature phones and smartphones in China are 
listed in Table 2 (Cucchiella et al., 2015). 
 
Table 2 High-tech minerals contained in feature phones and smartphones in China (g/unit) 
High-tech mineral 
categories 
Product categories 
Feature phone Smartphone 
Cobalt 3.8 6.3 
Palladium 0.009 0.015 
Neodymium - 0.05 
Praseodymium - 0.01 
Beryllium - 0.003 
Antimony - 0.084 
Platinum - 0.004 
 
3 Results  
3.1 Generation of waste mobile phones 
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The volumes of waste mobile phones in China from 1987 to 2035, calculated using the 
methods discussed in Section 2, are presented in Figure 4. 

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Fig. 4. Generation and future trends of waste feature phones and smartphones during the period 1987-2035 
 
The results show that the development of waste mobile phones in China from 1987 to 2035 
can be divided into two periods. In the first period, from 1987 to 2016, the quantity of waste 
mobile phones exhibited a sharp increase from approximately one hundred units in 1987 to 
approximately 567 million units in 2016, while the total number of waste mobile phones exceeded 
3.33 billion units. In this period, cumulative waste feature phones and smartphones were 
approximately 2.34 billion units and 987 million units, accounting for 70.33% and 29.67% of all 
waste mobile phones, respectively. The results reveal differing developmental trends for waste 
feature phones and waste smartphones. Waste feature phones exhibited an evolving process of 
"steady development-rapid growth-decline." The quantity of waste feature phones, which was 400 
units in 1987, gradually increased to 4.98 million units in 2000 and then went into a rapid growth 
phase, reaching a peak of 330 million units in 2013. Since 2014, the number of waste feature 
phones has gradually declined. Waste smartphones displayed a process of "slow growth-rocket 
growth." The results show that approximately 3000 waste smartphones were generated in 2001 
and that the number increased to approximately 19.1 million units by 2011. Subsequently, waste 
smartphones went into a rapid growth phase, with the number rapidly increasing to approximately 
388 million units in 2016. In the second period, from 2017 to 2035, the number of waste mobile 
phones is expected to reach approximately 566 million units in 2017 and 1.062 billion units in 
2035, while the cumulative quantity of waste mobile phones is projected to exceed 14.66 billion 
units. In this period, the cumulative quantity of waste feature phones and smartphones is 
approximately 339 million units and 1.43 billion units, accounting for 2.32% and 97.68% of total 
waste mobile phones, respectively.  
The developmental paths of waste feature phones and smartphones differ substantially 
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depending on their lifespans and adjusted annual growth rates. Waste feature phones exhibit a 
fading trend, with the number of waste feature phones declining from 111 million units in 2017 to 
approximately 2.65 million units in 2027, ultimately numbering a mere 0.13 million units in 2035. 
This trend reflects the fact that feature phones are being phased out. In contrast, waste 
smartphones are expected to experience rapid growth, increasing from 4.55 million units in 2017 
to 1.06 billion units in 2035. 
3.2 Estimation and future trends of high-tech minerals contained in waste mobile phones 
Utilizing the methods discussed above, the social stocks of high-tech minerals contained in 
waste mobile phones were estimated, as shown as Figure 5 and Figure 6. The total quantity of 
high-tech minerals contained in waste mobile phones is estimated at 109,180 tons from 1987 to 
2035. 
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Fig. 5. Social stocks of high-tech minerals in waste mobile phones during 1987-2035 (cobalt, palladium) 

Figure 5 shows the social stocks of cobalt and palladium contained in waste mobile phones 
from 1987 to 2035. During the period from 1987 to 2016, the cumulative social stocks of cobalt 
and palladium stored in waste mobile phones were approximately 15,105.22 tons and 35.85 tons, 
respectively. Although the social stocks of cobalt and palladium contained in feature phones 
decreased along with sales of feature phones in recent years, the total quantities of these two 
minerals preserved in waste mobile phones increased due to the sharp increase in the number of 
smartphones. The cumulative social stock of cobalt contained in waste mobile phones in China 
exceeded 3125.14 tons in 2016, accounting for 40.5% of the production of cobalt in China, 
reported to be 7700 t, in the same year. The situation is different with palladium. Palladium, a 
strategic metal in China, is scarce in natural primary ore but abundant in waste mobile phones. 
The social stock of palladium contained in waste mobile phones exceeded 7.43 tons in 2016, equal 
to the global output of palladium—except the United States, Canada, Russia, South Africa and 
Zimbabwe—which was approximately 8 tons according to the United States Geological Survey. 
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In other words, if the high-tech minerals in waste mobile phones can be developed efficiently and 
effectively, dependence on primary ore will be greatly reduced, which will likely ease resource 
supply constraints in China. 
In the coming decades, with the growth of the production and consumption of mobile phones, 
the resource effects of cobalt and palladium contained in waste mobile phones will become 
increasingly clear. The results show that from 2017 to 2035, the cumulative social stock of cobalt 
and palladium contained in waste mobile phones will be approximately 91,510 tons and 218 tons, 
respectively.  
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Fig.6. Social stocks of high-tech minerals in waste mobile phones during 2000-2035 (neodymium, 
praseodymium, beryllium, antimony, platinum) 
 
For functional richness, smartphones contain numerous other high-tech minerals, such as 
neodymium, praseodymium, beryllium, antimony and platinum that are not contained in feature 
phones. The social stocks of these five high-tech minerals contained in waste mobile phones from 
2000 through 2035 are shown in Figure 6. Among the 149 tons of these minerals that accumulated 
in waste mobile phones from 2000 to 2016, there were 82.9 tons of antimony, 49.34 tons of 
neodymium, 9.87 tons of praseodymium, 3.95 tons of platinum, and 2.96 tons of beryllium. In 
2016, the social stocks of antimony, neodymium, praseodymium, platinum, and beryllium were 
32.61 tons, 19.41 tons, 3.88 tons, 1.55 tons, and 1.16 tons, respectively. Effective recycling of 
these high-tech urban minerals would have considerable resource effects. Taking platinum as an 
example, 1.55 tons of platinum could have been recycled from waste mobile phones in 2016, 
accounting for 32.3% of the total production of platinum in the world—except in the five top 
production countries in that year—of 4.8 tons. Many more secondary platinum resources can be 
obtained if other platinum-containing waste products, such as waste laptops and tablets, are 
recycled properly and efficiently.  
During the period from 2017 to 2035, more than 2,162 tons of high-tech minerals will be 
preserved in waste mobile phones. Specifically, over 1,203 tons of antimony, 716 tons of 
neodymium, 143 tons of praseodymium, 57 tons of platinum and 43 tons of beryllium are 
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projected to be preserved. It can be expected that increasingly diverse high-tech minerals will be 
preserved in future waste smartphones with the development of artificial intelligence and more 
user-friendly smartphones. 
3.3 Sensitivity analysis 
Specific assumptions regarding the estimation and future prediction of the generation amount 
exist. Sensitivity analysis is a crucial issue for validating the uncertainty of prediction results by 
changing the values of the parameters that are dependent on specific assumptions. In this study, 
sensitivity analysis is performed to identify the factors influencing the estimation results. Among 
all the scenarios, B represents the base scenario, scenario 1 and scenario 2 assess the influence of 
the lifespan distribution; scenario 3 and scenario 4 assess the influence of the material composition; 
scenario 5 and scenario 6 assess the influence of smuggled and “shanzhai” (counterfeit) mobile 
phones. 
The lifespan distribution of mobile phones is an important parameter that requires 
consideration. In this study, the lifespan distribution is the main factor affecting the prediction 
results of the generation of waste feature phones and waste smart phones. To evaluate the 
sensitivity of the model to the Weibull distribution parameters, the Weibull distribution functions 
were fitted by f1.0 year. The model was then run again with the resulting lower and upper 
lifetime distribution scenarios for each mobile phone type. For feature phones, in scenarios 1 and 
2, the average lifespan is assumed to decrease to 2.03 years and increase to 4.03 years, 
respectively. The average lifespan decreases and increases in 1.0 year will cause fluctuations of 
between approximately -6% and 15% of the annual generation amount of waste feature phones. 
For smart phones, in scenarios 1 and 2, the average lifespan is assumed to decrease to 0.9 years 
and increase to 2.9 years, respectively. The average lifespan decreases and increases in 1.0 year 
will cause fluctuations of f18% of the annual generation amount of waste smart phones. The 
estimation results with different average lifespans under different scenarios are shown in the 
appendix file . 
Another important influencing factor, which cannot be neglected, is the material composition. 
The high-tech material content can be substantially different depending on the type of mobile 
phone. In this study, information on the high-tech material composition of different mobile phone 
types was obtained from previous research (Cucchiella et al., 2015). We assume that the average 
proportion of material content is constant in calculating the high-tech minerals contained in annual 
waste mobile phones, namely, feature phones and smart phones. This assumption leads to the 
deviation of the content of high-tech material quantities in different types of waste mobile phones. 
Sensitivity analysis is performed in scenario 3 and scenario 4, with the range by weight of the 
content of high-tech materials. The sensitivity analysis results regarding the amount of high-tech 
materials in both waste mobile phone types under different scenarios are listed in the appendix 
file. 
The quantitative process of the sales data of smuggled and “shanzhai” (counterfeit) mobile 
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phones may be another influencing factor. Sensitivity analysis is performed with regard to the 
assumption of the smuggled and “shanzhai” mobile phone proportion in relation to the annual 
mobile phone sales data. With the rise of Chinese self-owned mobile phone brands and the rapid 
development of communications technology, it is presumable that fewer “shanzhai” mobile 
phones are manufactured. Meanwhile, the authorities tend to implement stricter regulations on 
smuggled mobile phones; thus, they may experience a considerable decline in the future. In this 
study, based on the results of a previous survey (Li, et al., 2015a; Li, et al., 2015b; Li, et al., 
2015c), scenario 5 and scenario 6 assess the effect of the annual proportion of smuggled and 
“shanzhai” mobile phones in relation to annual mobile phone sales data, with 10% (smuggled 
mobile phones) and 8% (“shanzhai” mobile phones) for the lower limit, and 20% (smuggled 
mobile phones) and 18% (“shanzhai” mobile phones) for the upper limit. The sensitivity analysis 
results regarding the proportion of smuggled and “?shanzhai““ mobile phones in relation to annual 
mobile phone sales data are listed in the appendix file. 
4. Discussion  
4.1 Estimated quantities of waste mobile phones 
The quantity of waste mobile phones is influenced by many factors, such as mobile phone 
lifespan and the number of smuggled and counterfeit mobile phones, as demonstrated by the 
sensitivity analyses. Most previous research has only considered mobile phone lifespan as an 
important influencing factor; however, neglecting the influence of the proportion of smuggled and 
counterfeit mobile phones, which is also a crucial influencing factor, is inadvisable. For example, 
in 2008, according to our estimation, the number of smuggled and counterfeit mobile phones were 
estimated at approximately 37.6 million units and 60.7 million units, respectively. In this paper, 
the smuggled and counterfeit mobile phones were taken into consideration when estimating the 
generation of waste mobile phones. Consequently, our results are more accurate in terms of the 
real market situation in China. In this study, the generation of waste mobile phones was 
approximately 109.5 million units in 2008, and it is projected to be 719.8 million units by 2025; 
these estimates are larger than the previous estimates of 77 million units in 2008 (Yu, et al.,2010) 
and 350 million units in 2025 (Tan, et al.,2017). One of the major reasons behind this difference is 
that both Yu, et al. and Tan, et al. did not consider the smuggled and counterfeit mobile phones 
based on the differentiation between feature phones and smartphones.  
With the rapid development of the Chinese mobile phone market, the future market situation 
regarding smuggled and counterfeit mobile phones is expected to undergo substantial changes. 
Although domestic smartphone brands are sprouting, which will decrease the rate of counterfeit 
mobile phones in the market, stricter regulations of smuggled mobile phones will lower the 
proportion of smuggled mobile phones in the market. Therefore, future studies need to track the 
changes in smuggled and counterfeit mobile phones as well as other influencing factors. 
4.2 Strategic values of high-tech minerals contained in waste mobile phones 
With the ongoing scientific revolution and industrial transformation, high-tech minerals are 
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becoming one of the major foci of industrialized countries and regions globally. These high-tech 
minerals are key materials for strategic emerging industries, such as energy efficiency and 
environmental protection, next-generation information technology, biotechnology, and alternative 
energy. However, the supply of high-tech minerals is facing a dire situation, largely depending on 
the specific carrier mineral. For instance, the exploitation of platinum and cobalt will depend on 
the capacity of nickel, which is their carrier minerals. If the supply of nickel is reduced, the use of 
high-tech materials like platinum and cobalt will be limited. 
Waste mobile phones have become an abundant second high-tech mineral reservoir. 
According to our estimation, the cumulative social stock of cobalt contained in waste mobile 
phones in China exceeded 3,125.14 tons in 2016, accounting for 40.5% of the cobalt production in 
China, reported to be 7700 tons, in the same year. Moreover, the grade of cobalt in waste mobile 
phones is much higher than that in natural ores. To the best of our knowledge, approximately 63 
kg of cobalt can be recycled from one ton of waste smartphones, but only approximately 1.2 kg of 
cobalt can be obtained when developing one ton of cobalt ores. Natural cobalt ores, together with 
the carrier materials, are mainly located in Russia, Canada, Australia and China, with an average 
grade level of only 0.02%. (Chen., 2015).  
In addition, developing waste mobile phones has environmental benefits. Recovering 10 kg of 
aluminum from WEEE could save 90% of the energy required for its primary production, and 
reduce 13 kg of bauxite residue, 20 kg of CO2 emissions, and 0.11 kg of SO2 emissions (Tan, et al,. 
2017). Therefore, environmental effects can be attained if the materials in waste electrical and 
electronic products are properly recycled. 
5. Conclusions and policy implications 
From our previous analysis we can draw the following conclusions. (1) Waste mobile phones 
contain a variety of high-tech minerals. With rapid economic development and improvements in 
living standards, mobile phones are becoming one of the most commonly used electronic devices 
among electrical and electronic products. China has been the world’s largest mobile phone 
producer and consumer since 2004 and has accordingly generated a huge quantity of waste mobile 
phones annually. In this paper, the dynamic material flow method and the Weibull distribution are 
used to analyze the volume of waste mobile phones generated and the social stocks of the 
high-tech minerals they contain based on differentiation between feature phones and smartphones. 
Additionally, future trends with regard to high-tech minerals in waste mobile phones are predicted 
using the market supply A model. (2) The results show that from 1987 to 2016, the cumulative 
volume of waste mobile phones exceeded 3.33 billion units, including approximately 2.34 billion 
units of waste feature phones and 0.99 billion units of waste smartphones. Given this accumulated 
total, more than 15,290 tons of high-tech minerals could be recycled from waste mobile phones. 
Projecting into the future, the number of waste mobile phones is expected to be 566 million units 
in 2017 and reach 1.06 billion units in 2035, with more than 93,890 tons of high-tech minerals 
preserved in waste mobile phones as a result. (3) Our research results show an increasing trend of 
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waste mobile phone generation, indicating that a considerable amount of the high-tech minerals 
they contain can be recycled. 
Developing high-tech minerals in waste mobile phones can produce significant resources and 
has environmental benefits; however, the management and development system of waste mobile 
phones in China is still insufficient. In fact, the current management in China is relatively poor 
compared with other developed countries. For example, in many developing countries, particularly 
low-income and middle-income countries, a significant proportion of e-waste components is 
disposed of in unsanitary (uncontrolled) landfill sites. Similarly, informal e-waste recycling is 
widely practiced. Wires are burned in open spaces to remove plastic and recover copper. Acid 
extraction is also practiced retrieving precious metals like gold, platinum, palladium, and silver 
from Printed Circuit Boards (PCBs). Such practices can be found in countries such as China, India, 
Pakistan and so on (Mahdi, 2018). In developed countries, such as Sweden, household waste and 
comparable waste from other origins is the legal responsibility of local municipalities (Waste 
Sweden, 2014a). Also, the European Union's approach to waste management is based on the waste 
hierarchy, which sets the following priority order: prevention, reuse, recycling, energy recovery 
and, as the least preferred option, disposal (Carine et al., 2017). It is believed that the current 
management of waste mobiles phones in China is relatively poor compared with other developed 
countries.  
Therefore, based on our conclusion and the analyzed results, We propose some 
recommendations to further improve the management and development system of waste mobile 
phones in China. (1) It is urgent to establish a high-tech mineral data base through tracking the 
flows and stocks of waste mobile phones by using electronic tags, planar bar codes and 
investigating consumer behavior. If consumers’ behavior were considered as an important 
influencing factor in the future studies, then the in-use amount, reuse amount, hibernated amount, 
recycling amount and dispose amount of mobile phones, should be fully analyzed and elaborated. 
Generation amount of waste mobile phones at each stage should be quantified accordingly and 
evaluated comprehensively as a prerequisite step in enhancing the information support for waste 
management and the recycling rate of waste mobile phones in the Chinese society. (2) From a 
perspective of governments, governments can improve the overall waste management system by 
formulating and implementing policies, such as adding urban mineral development technology to 
national key support projects, investing sufficient expenditure into technology research, and 
intensifying the in-depth cooperation among enterprises to develop dismantling and sorting 
technology and eventually achieve technology industrialization. (3) From a perspective of 
manufacturers and recycling companies, the ecological design of products should be improved by 
manufacturers to ensure that waste mobile phones can be easily disassembled and reused, while 
recycling companies should enhance core dismantling and refining technologies to improve the 
recycling rate, such as automatic dismantling and sorting technology, and high-tech mineral 
refinement recognition. Further, online platforms for recycling, in the context of the rapid 
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development of the internet, should be established and utilized by both manufacturers and 
recycling companies to improve the efficiency and effectiveness of mineral collection. (4) From a 
perspective of consumers, public awareness of recycling should be strengthened through 
promoting resource use efficiency and environmental protection. For example, awareness should 
be aroused among all consumer groups regarding proper recycling procedures for waste mobile 
phones. Also, consumers should be educated to develop an awareness of recycling through 
publicity campaigns and education in order to achieve a sustainable supply of high-tech minerals 
for the development of national strategic emerging industries. 
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• Generation amount of waste feature phones and smartphones in China 
from 1987 to 2035 are estimated, respectively. 
• The high-tech urban minerals contained in waste feature phones and 
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• Recommendations were proposed to further improve the management 
and development system of waste mobile phones in China
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